Background: In the last two decades, physical training has been recognized as an important means of prevention and rehabilitation for patients with breast cancer. In Brazil, physical exercise for patients with breast cancer is a new area of study. We aimed to investigate the feasibility of implementing a resistance exercise program for patients undergoing breast cancer treatment and to examine the effects of the resistance exercise program on psychological and physical outcomes.
Background
Breast cancer (BC) is the most common and incident type of cancer in women worldwide and is the leading cause of cancer death in this population. Data from the National Cancer Institute showed a prediction of 54,120 new BC cases in Brazil in 2014 [1] . Cancer has an impact on many aspects of life and often results in numerous physical and psychological sequels in the short and long term [2] . As new BC therapies are developed and BC survivorship rates improve, physical activity behaviors and cardiovascular health will be increasingly important to maintain health among this population [3] .
Despite the established efficacy of BC treatments (e.g. chemotherapy and radiation), they cause adverse effects on cardiovascular, metabolic, and quality-of-life outcomes of patients [4] . Some adverse effects can be acute, occurring primarily during treatment, whereas others may have a delayed onset and persist for years after the cessation of treatment [4] . Activities that were manageable before the disease start to cause pain and suffering to patients diagnosed with BC [5] . Consequently, the level of physical activity decreases and remains low for months, even after treatment. Decreased physical activity may be related to a higher mortality rate, lower quality of life, and increased risk of developing chronic diseases such as heart disease and diabetes [8, 9] .
Efforts should be made to help BC patients in the diagnosis and treatment phases in order to provide a better quality of life and prognosis [8] .
In the last two decades, physical training has been recognized as an important means of prevention and rehabilitation for patients with BC [6] . The increased publications in this area proves the increase health professionals number interested in exploring alternative therapies with the potential to improve the overall health of BC patients while promoting relief of adverse effects of treatments [9] . Conducting research with cancer survivors presents many challenges with respect to recruiting and retaining participants [10] . The effects of different volumes and intensity of training must be explored, and exercise adherence rates need to be reported [10] . (Hanson et al., 2016) .
In Brazil, physical training for patients with BC is a new area of study, and the application of a protocol of resistance exercise for BC patients undergoing treatment is an innovative practice. As proposed and directed by Timmerman et al. [11] before starting a randomized clinical trial, a study is necessary in order to model the methodology, including operations, to gain insight into the preliminary efficacy, revealing limitations and possible modifications to develop and continue the study. The objective of this study was to verify the implementation feasibility of a resistance exercise program for women undergoing treatment for BC. Secondly, we investigated the effects of resistance exercise program on fitness, quality of life, mood state, sleep quality, and body image in patients undergoing BC treatment. and adhered to breast cancer patients undergoing treatment. The 12-week resistance exercise program apparently produces positive effects on psychological and physical outcomes in patients undergoing breast cancer treatment. This is the first study about physical training during breast cancer treatment in Brazil and seems to be a promising research area as well as internationally.
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Methods

Study strategy
This feasibility study was an experimental controlled non-randomized study and was approved by the Santa Catarina State University Ethics Committee, Santa Catarina, Brazil (493, 467/2013). The research was divulgated in hospitals and health centers, and the researchers made contacts with doctors and physiotherapists through pamphlets and meetings. Patients interested in participating in the study contacted the laboratory by telephone and scheduled an interview. They were informed about the research achievement, aims, relevance, and evaluation procedures. Those patients who agreed to participate and who met the inclusion criteria signed a written informed consent. The research was conducted at a university gym. The resistance exercise program feasibility was assessed by training load compared to the load that each patient was able to perform. The training load was calculated by: number of sessions x exercises x sets x repetitions. The resistance exercise program was considered feasible if the training performed by each patient was higher than or equal to 80% training load.
Study participants
The inclusion criteria of study participants were women diagnosed with BC in non-metastatic stages (0-III) who underwent surgical treatment. They had to present more than 80 points in the Karnofsky Performance Index and needed medical permission to engage in physical exercise program. All women were undergoing radiotherapy and/or hormone therapy during the study. Exclusion criteria were patients who had cardiopulmonary, metabolic, and/ or orthopedic disorders.
Eleven breast cancer patients participated in the study (55.08 ± 7.8 years old). They were divided into exercise group (EG) (n = 6) and control group (CG) (n = 5). The EG patients had a mean age of 58 (± 6.6) years, and the GC patients had a mean age of 54 (± 7.9) years (p = 0.23). The patients who were not able to participate in the resistance exercise program (e.g., incompatible schedules and/ or distance from their home to the place of practice) were invited to compose the CG.
The EG patients were diagnosed with breast cancer about 23.5 (± 16.4) months before the study and underwent surgical treatment for 11.67 (± 12.6) months. In the CG, these values were 19.8 (± 8.6) and 10.2 (± 8.7) months, respectively. Patients of the EG had a primary breast cancer diagnosis and had mastectomy surgery without breast reconstruction (63.7%). Most EG patients did not undergo post-surgical physiotherapy and were undergoing hormonal treatment; only two patients were in radiotherapy during the study. In the CG, one of the patients had recurrent breast cancer, most had mastectomy, and two underwent breast reconstruction. All GC patients underwent postoperative physiotherapy; three patients were on hormonal treatment and two were in radiotherapy during the study.
Resistance exercise program
We used part of the training protocol proposed by Arab et al. [12] , which concerned to resistance exercise. The protocol is based on various studies and guidelines, such as Campbell et al. [13] , American College of Sports Medicine roundtable on exercise guidelines for cancer survivors [14] , Physical Activity Guidelines for Americans of the Department of Health and Human Services [15] , Carayol et al. [16] metanalyses, Schmidt et al. [17] , Battaglini et al [18] , and Hwang et al [19] .
The training program had duration of 12 weeks and 36 sessions that occurred three times per week on alternate days (Table 1) . The sessions were structured in an initial part (5 to 10 minutes on a treadmill or stationary bike), a main part (40 minutes of strength physical exercise), and a final part (5 minutes of stretching major muscle groups).
The repetitions were planned in ranges, so the participants performed according to perceived effort, which should be "mild to moderate" or when feeling "burning" pain. The minimum load training was 7,956 and a maximum of 9,720, so it was necessary that each participant got at least 6,365 (80% load training).
The order of exercises performance was changed every two weeks. Initially, exercises were performed alternating body segment (exercises to upper limbs -UL x lower limbs -LL). After two weeks, the exercises were performed directly per body segment (all to LL and all for UL). The sets interval was one minute, and the intervals between exercises were about two minutes and controlled by the patients. The researchers recorded the loads according to the prescribed intensity in individual records for each patient. The patients recorded exercises, loads, sets and reps performed in each session.
The training sessions were conducted in groups and supervised by physical education and physiotherapy professionals at a university gym.
The proposed protocol was individually adjusted according to the needs and limitations of the patients. When patients could not perform the minimum required repetitions, the load was decreased. We used two methods for increasing load. The load was increased to the next level of the machinery or at least 5% when patients underwent three series of the same exercise with the maximum required repetitions during three consecutive sessions. And when the patient could perform more repetitions than requested, the load was increased to 10% [12] .
In cases of pauses or breaks in a training week, the load was regressed to the amount corresponding to two weeks above and thus correspondingly.
Instruments
Clinical and sociodemographic profiles were performed through our own recruitment records. The instruments used for patient evaluations were the 6-minute walk test (6MWT) [20] , EORTC QLQ-C30 (European Organization for Research and Treatment of Cancer Quality of Life Questionnaire Core-30) [21] , Brunel Mood Scale validated by Rohlfs et al. [22] , Pittsburgh Sleep Quality Index translated and validated by Bertolazi [23] , and Body Image After Breast Cancer Questionnaire translated and validated by Gonçalves [24] . The variables assessed were fitness, quality of life, mood state, sleep quality, and body image. Following the protocol of Brzycki [25] , 1RM test was performed to predict the workload. In this test, the load is estimated by an equation that uses the load value used in a submaximal test, ideally up to 10 repetitions.
Assessments occurred before and after intervention by interview or self-administering the questionnaires individually in a room (except 6MWT, which was conducted on a running track), and took around an hour per participant. The load prediction test was carried out in the first exercise session, which was for learning the exercise techniques and becoming familiar with the equipment. 
Statistical analysis
Data were analyzed in Excel and statistical package SPSS version 20 using descriptive (mean, frequency, and standard deviation) and inferential statistics. Variables were treated according to data distribution using the Shapiro-Wilk test. The comparison of means of dependent variables (pre-and posttests) was performed by intra group test paired t-tests (parametric) and Wilcoxon (non-parametric), and for inter comparison the groups were applied the independent t-test and U Mann-Whitney tests. The significance level adopted was α = 0.05. Results with p values between 0.05 and 0.07 were considered a trend towards significance, and we considered valid values when the effect size was r ≥ 0.5.
Results
The training load average of the EG was 7,233.66 (991.43 SD), with a range of 6,241 and 8,668. Therefore, the resistance exercise program was feasible according to the > 80% training load criteria. The patients were able to maintain the proposed training intensity and loads. There were no adverse events arising from the practice of resistance exercise and no dropouts in EG patients. The EG adherence in the resistance exercise program was 83.6%. Of the 36 planned sessions, the EG patients performed an average of 30 physical exercise sessions. After the resistance exercise program, the EG apparently improved fitness, functional quality of life, and sleep efficiency, and reduced levels of fatigue and physical limitations (body image). There was a tendency toward a reduction of mental confusion. In the CG, the pre-and post-tests showed an apparent decline in global health and a tendency to reduce muscular strength. There was no difference in other variables ( Table 2) .
The comparison between groups in the pre-test showed unfavorable differences in the EG in fatigue (p = 0.01), mental confusion (p = 0.01) and 
Discussion
The resistance exercise program for BC patients undergoing treatment has proven to be feasible and tolerable, with a high adherence rate and no adverse effects or dropouts. The resistance exercise program apparently caused positive effects on fitness, functional quality of life, sleep quality, body image, and fatigue levels, avoiding negative impacts on quality of life and possibly on muscular strength and mental confusion. Our study presents limitations. First, the small sample size. We had difficulty in sample recruitment, because no hospitals or health services collaborated with the study and there were participation exercise program barriers, e.g. distance between the university and residences of the patients and exercises sessions scheduled just during the morning. Therefore, we could not randomized study participants. During the study, the patients reported unwanted events, such as familiar death, which may influence the results and were not associated with physical exercise practice. Although the participants showed high adherence to the resistance exercise program, there was no desistence and they demonstrated motivation during workouts.
BC patients can present various adverse effects from the treatment and disease. Penttinen et al. [26] found that after neoadjuvant therapies, patients presented depression (25.7%), fatigue (20.4%), and depression and fatigue (14%), with impairments in quality of life and worse sleep quality than non-depressed and non-fatigued patients. Patients with untreated depression presented amplified physical symptoms of BC treatment, which can cause greater disability and poor treatment adherence [27] . Cancer patients commonly present physical problems such as reduced physical capacity, muscular strength, endurance, and physical function, and consequently decreased levels of physical activity [28] . The total expended energy in different types and intensities of occupational physical activity and physical exercises is associated with better physical function and general health of BC patients [29] . BC patients undergoing treatment need to improve the physical and mental aspects that allow performing usual activities, reduced pain and suffering [5, 6] . In addition, physical inactivity is directly associated with morbidity. Reduced physical fitness is the main risk factor of mortality in the normal population and cardiovascular disease [30] . Regular physical activity is beneficial in terms of total mortality [5] inversely associated with greater pain and weight gain in BC survivors [31] .
Development of actions for BC patients is necessary for better diagnosis and treatment coping in order to provide a better quality of life and prognosis [8] . Studies have shown that physical exercise for cancer patients has been feasible [32] safety, adhered and with increases in psychological and physiological parameters [9] . Fairman et al [4] conducted a systematic review to evaluate the comparable efficacy of exercise as a supportive care intervention during different primary breast cancer treatments. The findings demonstrated that exercise is a safe, well-tolerated lifestyle interventions that can attenuate many of the adverse effects accompanying treatment, and yield significant, clinically meaningful improvements in select fitness, physiological, and patient-reported outcomes in BC patients who are undergoing different treatment [4] . In the posttest, EG related less limitations and more physical competences and skills, as well as better body image and functional quality of life. Therefore, the EG presented higher sleep efficiency (78% in the pretest to 94% in the post-test, which means more time lying in bed actually asleep) and decreased fatigue, which is one of the most frequent adverse and stressful events of cancer treatment [33] . Retention rates averaged 86% [4] , similar as our results. The resistance exercise program proposed in our study proved to be a viable and possibly effective action.
In Brazil, since 2011 the Ministry of Health has emphasized actions to control cardiovascular disease, diabetes, cancer, and chronic respiratory disease predominantly through smoking control, physical inactivity, unhealthy diet, and harmful use of alcohol [22] . However, there are no governmental guidelines recommending physical activity for the Brazilian population as a strategy of health promotion. Physical activity is the easiest and most viable and available way to good health, and the evidence of its benefits, the physical inactivity levels are still high [34] . Exercise interventions utilizing strength training have great potential to impact the lives of cancer survivors, by helping to increase both quality and duration of life, particularly if exercise programs can expand to include effective home and communitybased protocols that can be delivered on a large scale [10] .
Ortega and Fernandéz [35] and De Luca et al [36] pilot studies investigated the effect of concurrent aerobic and strength training in BC survivors. The exercise programs were proposed for 22 and 24 weeks, respectively. The results were positive. Both studies showed significant improvement in oxygen consumption, strength, and improvements on patient's quality of life [35, 36] . The positive effects of a combined aerobic and strength training program in breast cancer survivors highlight the importance of the early inclusion of structured physical activity in the rehabilitation protocol [36] . Travier et al [37] suggest the inclusion of exercise intervention in the daily clinical practice starting early during adjuvant treatment. This multi-centre controlled trial randomly implemented 18-week supervised exercise intervention during chemotherapy and it showed to be feasible and safe. Moreover, BC patients could decrease physical fatigue and reduce diminishment of cardiorespiratory fitness and improve muscle strength [37] .
Our 12-week resistance exercise program showed to be a promising potential therapy to complement BC treatment. The results show that strength training is potentially therapeutic and could be used as a supplementary treatment strategy, such as for reducing the use of painkillers, muscle relaxants, and mood regulators. Corroborating to the feasibility study of Timmerman et al. [11] , the number of participants in our study was a limitation, and the effects we found may be more significant in a larger sample.
The implementation of a resistance exercise program proved to be feasible, tolerable, and adhered to by breast cancer patients undergoing treatment. The 12-week resistance exercise program apparently produces positive effects on fitness, quality of life, fatigue, sleep quality, and body image in patients undergoing breast cancer treatment. Further studies with larger samples are needed. This is the first study about physical exercise during breast cancer treatment in Brazil and seems to be a promising research area as well as internationally. Institutions in Brazil could adopt this low-cost practice with apparently high effectiveness in order to contribute to the BC population.
